Dynamic Changes in Intracellular Localization and Isoforms of the 27-kD Stress Protein in Human Keratinocytes  by McClaren, Marla & Isseroff, R. Rivkah
Dynamic Changes in Intracellular Localization 
and Isoforms of the 27-kD Stress Protein 
in Human Keratinocytes 
Marla McClaren and R. Rivkah Isseroff 
Department of Dermatology, University of California, Davis School of Medicine, Davis, California, U .S.A. 
We have begun to characterize the low molecular weight, 
2 7-kD heat shock or stress protein (HSP27) in normal kera-
tinocytes and in H aCaT, a spontaneously transformed kerati-
n ocyte line. The presence and location of HSP27 was deter-
mined by indirect immunofluorescence on fixed whole cells 
and immunoblot analysis of cytosolic, membrane, nuclear, 
and cytoskeletal cell fractions. HSP27 is localized through-
out the cytoplasm of cells at 3rc. After heating at 42 °C, 
there is a rapid (within 10 min) increase in nuclear HSP27. 
H eat shock or stress proteins (HSP) are proteins whose synthesis is induced or enhanced by environ-mental stress. The reputed role of these proteins is to provide the cell with protection after an environ-mental insult. However, recent evidence suggests 
many of the heat shock proteins are, in fact, involved in essential 
cellular processes in the unstressed cell. For example, the 90 kD 
heat shock protein, which is constitutively expressed in all mamma-
lian cell s [1], appears to regulate the activity of steroid hormone 
receptors [2,3]. Specific members of the 72-kD heat shock protein 
family are synthesized in unstressed cell s [1] and have been shown to 
participate in the uncoating of clathrin vesicles [4] and protein 
translocation [5]. The recognition that stress proteins may be essen-
tial for normal functions in unstressed cells has led us to investigate 
the role of a small stress protein in keratinocytes. 
Mammalian cells synthesize HSPs ranging from 15 to 110 kD. 
A small HSP, the 27-kD (also referred to as 2B-kD) heat shock pro-
tein (HSP27) , has generated increased interest in the past few 
years. To date, no known function has been ascribed to this pro-
tein. Studies on mammalian HSP27 show it is located in the 
cytoplasm of unstressed human fibrobl asts and relocates to the 
n ucleus after heat stress [6] . HSP27 shows sequence homology to 
aB crystallin [7] and, like aB crystall in, HSP27 forms large 
aggregates (200-BOO kD) [6] in unstressed cells and much larger 
aggregates (2 MDa) after heat shock. HSP27 and aB crystallin have 
been shown to coprecipitate from human muscle cells [B] and were 
found together in a 700-kD complex in transformed rat cells [9] , 
suggesting HSP27 and an crystallin have an intracellular associa-
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Two-dimensional gel analysis of w hole cell HaCaT lysates 
identified multiple isoforms of HSP27 with different iso-
electric points. The function of HSP27 is largely unknown 
but its presence throughout the cytoplasm of cells at 37 ° C , its 
translocation to the nucleus after cellular stress, and the pres-
ence of multiple isoforms suggest a biologic role in both 
stressed and unstressed human keratinocytes. Key words: !teat 
shock proteins/HaCaT l),sates. J Invest D ermatol1 02:375 -381, 
1994 
tio n. Interestingly, both HSP27 and aB crystallin have been shown 
to have associations with intermediate filament proteins [10,11]. 
The association ofHSP27 wi th other cel lular elements could affect 
the function of HSP27 and, therefore, recognizing these associa-
tions will be important in understanding the role of HSP27 in 
keratin.ocytes. 
The function of HSP27 may also be affected by, or depend on, its 
phosphorylation state. Four isoforms of HSP27 have been de-
scribed : one non-phosphory lated and three progressively phospho-
ry lated and more acidic isofonns [12 - 14]. Both synthesis and phos-
phorylation of HSP27 are increased after heat or oxidative stress 
l15] but under some circumstances phosphorylation, and not syn-
thesis, of HSP27 may be affected . HSP27 phosphorylation (but not 
syothesis) increases after treatment w ith the tumor promoter tetra-
decol1oyl 12-0-phorbol acetate (TPA), addition of a calcium iono-
phore, or whole serum [13]' T N F-a, and IL-1 [16-1B] . Major 
phosphory lation sites have been demonstrated at serine residues 
contained in the sequence motif RXXS [14,19] . Although this 
motif can. be rec~gnized by protein kinase A, protein kinase C [20], 
and protem S6 kll1ase II [14J, recent evidence suggests HSP27 may 
be phosphorylated by a distinct HSP27 kinase [20 - 22]. The cascade 
resu ltiJ1g in HSP27 phosphory lation continues to be under intense 
investigation. 
C urrentl y, there is very little information on the existence of 
HSP27 or its isoforms in keratinocytes. As a first step to determining 
the role of HSP27 in kera tinocytes, we demonstrate the presence 
and subcellular location of HSP27 in normal human keratinocytes 
and cells of the HaCaT cell line, a spontaneously transformed 
human epithelial ce ll line that maintains nearly normal epidermal 
differentiation capacity [23]. We find that HSP27 is present 
throughout the cytoplasm of unstressed normal keratinocytes and 
cells of the HaCaT line and that HSP27 relocates to the nuclear 
fraction after heat treatment. U sing cell s of the HaCaT line, we 
have e}(:amined the association ofHSP27 w ith cytopl asmic, nuclear, 
membrane, and cytoskeletal fractions in unstressed, heat-stressed, 
and arsenite-stressed cells. W e also demonstrate the presence of 
multipl e isofonns of HSP27 in unstressed, heat-stressed, and arsen-
ite,stressed cells of the H aCaT line. 
\ 
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MATERIALS AND METHODS 
Cells and Cell Culture A spontaneously immortalized line of human 
skin epidermal keratinocytes (HaCaT) derived from adult trunk skin and 
maintaining features of normal epidermal growth and differentiation [21] 
was a gift of Fusenig. Normal human keratinocyte cultures were derived 
from neonatal foreskin epidermis using a modification [24] of the method 
described by Rheinwald and Green [25] . All cells were cultured in Dul-
becco's modified Eagle's medium (DMEM; Flow Laboratories, McLean. 
VA) supplemented with 10% (v Iv) fetal calf serum (Hyclone Laboratories 
Inc .• Logan. UT). and kept at 37°C in a humidified atmosphere of 5% Co2 • 
Heat and Arsenite Treatment For heat treatment. newly confluent cells 
in 162-cm2 flasks were heat-shocked at 42°C (for times indicated in figures) 
by immersing the flask in a circulating water bath. After the 90-min heat 
treatment. cell number and viability of heat-treated cells (by trypan blue 
exclusion) was equivalent to unstressed control cells. Long-term (96-h) sur-
vival studies confirm the equivalent viability of heat-treated and control 
cells. For arsenite treatment. newly confluent cells in 100-rrun tissue culture 
dishes were incubated for 2 hat 37"C in DMEM containing 100 J.l.m sodium 
arsenite. Viability studies confirmed long-term survival of arsenite-treated 
cells. All cells were fractionated or fixed for indirect immunofluorescence 
analysis immediately following treatment. 
Cell Fractionation HaCaT cells growing in tissue culture dishes or flasks 
were washed with icc-cold calcium- and magnesium-free phosphate-buf-
fered saline (CMF-PBS). The cells were pelleted at 500 X g for 5 min, 
resuspended in buffer A [10 mM Tris, pH 7.5, 10 mM NaCl. 2 mM ethyl-
enediamine tetraacetic acid (EDTA), 25 mM NaF. 1.0 mM phenyl methyl-
sulfonyl fluoride (PMSF) and 1.0 J.l.g/ml leupeptin] . and lysed by forcing 
through a 21-gauge needle (30X). Microscopic inspection of the homoge-
nate confirmed that> 90% of the cells had been lysed. The cells were spun at 
1000 X g for 10 min. yielding a pellet (nuclear fraction). The initial super-
natant was further centrifuged at 100,000 X g for 60 min. yielding the 
cytosolic fraction (supernatant) and a pellet. The 100.000 X g pellet was 
resusFended in buffer A with 1 % Nonidet P-40 (NP-40). rocked for 1 hat 
4°C. and centrifuged at 100.000 Xg for 60 min. yielding a membrane 
fraction (supernatant) and a detergent-insoluble pellet (cytoskcletal frac-
tion). which was dissolved in urea lysis buffer (9 M urea and 4% NP-40) . 
The 1000 X g nuclear pellet was resuspended in buffer A and layered over 
45% sucrose in buffer A and centrifuged at 2000 X g for 30 min. The nuclear 
fraction was washed twice in buffer A containing 10% sucrose and 1 mM 
MgCI2 , and resuspended in buffer B [20 mM Tris. pH 7.5, 0.5 mM ethylene-
glycol-bis (f3-aminoethyl ether) - N, N. N'. N'-tetraacetic acid (EGTA). 5 
mM dithiothreitol (DTT)] by forcing through a 26-gauge needle. The four 
fractions were examined by immunoblotting with antibodies to 1) anti-epi-
dermal growth factor receptor. 2) anti-lactate dehydrogenase, and 3) anti-
keratin. Epidermal growth factor receptor immunoreactivity was found only 
in the membrane fraction and lactate dehydrogenase was specific for the 
cytoplasmic fraction. Keratins were concentrated in the cytoskeletal fraction 
but were also present in the nnclear fraction (data not shown) . Protein assays 
were done on all samples using Bio-Rad Protein Assay (Bio-Rad Laborato-
ries. Richmond. CAl. 
Whole Cell Lysate HaCaT cells growing in tissue cu lture dishes were 
washed with ice-cold CMF-PBS. The cells were scraped into cold CMF-
PBS and pelleted at 500 X g for 5 min. Cells were resuspended in urea lysis 
buffer (8.0 M urea. 2% NP-40, 2% ampholytes. pH 5 - 7. Servalyte. Serva 
Biochemicals. Paramus, NJ; and 100 mM DTT) by forcing through a 26-
gauge needle (30X). 
Indirect Immunofluorescence Analysis Human foreskin keratino-
cytes or cells of the HaCaT line were grown on glass coverslips. washed with 
blocking buffer (PBS with 1% bovine serum albumin). fixed with 3.7% 
formaldehyde in PBS for 10 min. and permeabilized with 80% acetone 
(- 200q for 3- 5 min. Cells were incubated with a mouse immunoglobulin 
(IgG) monoclonal antibody to HSP27 (Stress-Gen Biotechnologies Corp .• 
Victoria, B.c., Canada), diluted 1/200 in blocking buffer (5 J.l.g/ml). Goat 
anti-mouse coupled with fluorescein isothiocyanate (FITC; Sigma Chemi-
cal Co .• St. Louis, MO). diluted 1/100 in blocking buffer. was used as the 
second antibody. Both incubations were for 1 hat 37"C. All experiments 
were run with two controls: 1) a nonspecific mouse IgG (Sigma) was used at 
5 J.l.g/ml instead of the first antibody; 2) blocking buffer was used instead of 
the first antibody. These controls were negative. and arc not shown. Cover-
slips were mounted using a mounting media of glycerol and deionized water 
at 1 : 1 with p-phenylenediamine at 1 mg/ml. The cells were examined and 
photographed with a Nikon Diaphot microscope using TMY film. 
Electrophoresis, Electroblotting, and Western Blot Sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was carried out as 
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Figure 1. Localization of the 27 -kD heat shock protein in unstressed cells 
of the HaCaT line. Cells were grown on coverslips, fixed. permeabilized. 
and analyzed by indirect immunofluorescence using mouse monoclonal 
al1ti-27 kD stress protein antibody, which was visualized with fluorescein-
cO\~ugated goat anti-mouse antibody. Bar. 20 J.l.m. 
described by Laemmli [26]. using 12% acrylamide gels. Fifteen micrograrns 
of protein were loaded in each lane. 
The first dimension of the two-dimensional gel was isoelectric focusing 
carried out in 1.5-mm gel rods (GT Tube Gel Electrophoresis Unit. Hoelfer 
Scientific Instruments. San Francisco. CAl containing 8 M urea. 3.5% acryl-
amide. and 2.5% ampholytes of pH 5-7 (Servalyte; Serva Biochemicals). 
Samples were focused 18 h at 700 V. Reservoirs contained 10 rnM H,PO. 
(lower) and 20 mM NaOH (upper). After focusing. gels were extruded and 
equilibrated in SDS equilibration buffer (0.125 M Tris-base, 2% SDS. and 
10% glycerol) for 15 min and layered on top of 1.5-mm-thick vertical gel 
(SE 600 Vertical Slab Gel; Hoeffer Scientific Instruments. San Francisco. 
CAl. The second dimension was carried out using the buffer system de-
scribed by Laemmli [26] with a 12% acrylamide gel. Extra tube gels were rlln 
with samples. sliced into 0.5-cm pieces. and eluted into deionized water to 
obtain the pH gradient of the first dimension. This was extrapolated onto the 
two-dimensional figure. 
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Figure 2. Immunoblot of subcellular fractions with anti-HSP27 antibody· 
Equal amounts of protein from subcellular fractions of the HaCaT cellliJ1e 
were run on SDS-PAGE and blotted with antibody to HSP27 as described in 
Materials alld Methods. Subcellular fraction is indicated under figure. N, nU-
clear; C, cytoplasmiC; M, membrane; S. cytoskeletal. 
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Figure 3. Varied patterns of HSP27 after 10 min heat stress in cells of the 
HaCaT line. Cells were grown on coverslips. heat treated at 42°C for 10 
min. Indirect immunofluorescence staining was carried out as in Fig 1. Bar, 
20j1.m. 
Following electrophoresis. proteins were transferred electrophoretically 
Onto Immobilon-P membrane (Millipore. Bedford, MA) using the method 
described by Towbin et al [27]. For W estern blot, membranes were blocked 
by Incubation in 10% non-fat dry milk for 2 h with subsequent incubation 
:"lth monoclonal anti-HSP27 (Stress-GenBiotechnologies) diluted 1/1000 
bnPBS. The immunoreactive proteins were detected using an avidin-biotin 
rtdge system (Vectastain AIlC kit, Vector Laboratories Inc., Burlingame, 
CAl and visualized with O.S mg/ml 3-3'-diaminobenzidine tetrahydro-
chloride (Sigma, St. Louis, MO) and 0.01% H 20 2 . 
RESULTS 
Subcellular Location of HSP27 in Unstressed HaCaT Cells 
The presence of HSP27 in the HaCaT line was examined by indi-
rect immunofluorescent staining for HSP27. As seen in Figure 1, 
BSP27 is located throughout the cytoplasm of unstressed cells. 
Although all cells exhibit fluorescent staining throughout the cyto-
plasm, there is some heterogeneity in the intensity of staining. Cy-
toplasmic HSP27 appears to organize in a reticular pattern. 
£ T?e subcellular distribution was examined in a more quantitative 
T
ashlOn by Western blot analysis of isolated cell fractions (Fig 2). 
he cytoplasmic and membrane fractions show prominent bands. 
There is a small amount of immunoreactive protein in the cytoskel-
etal fraction and a very faint immunoreactive band is seen in the 
nuclear fraction. 
lieat-Stress-Induced Subcellular Relocation of HSP27 in li~CaT Cells Classically, the cellular relocalization of stress pro-
teins is affected by heat stress. HSP27 location in the H aCaT line 
Was examined after heat treating cells (42 °C for times indicated). ~~ter 10 min of heat treatment, cells exhibit a variety of patterns 
( 19 3) with HSP27 organized in a perinuclear area, in bright intra-
~~c1ear aggregates, or in a very large bright central nuclear location. 
ter 90 min of heat, HSP27 continues to exhibit a heterogeneous 
P(;~tern but in most cell's HSP27 is located in or around the nucleus 
19. 4) . Although HSP27 is still present within the cytoplasm after 
a 90-min heat treatment, the organization of the cytoplasmic im-
~unore~ctive protein c1earl.y differs from that of the unstressed cell. 
le reticular pattern seen 111 unstressed cells IS no longer present; 
rather, HSP27 exhibits a punctate staining pattern throughout the 
cytoplasm (Fig 5). 
Western blot analysis of HSP27 of subcellular fractions (Fig 6) 
Confirms the qualitative localization data obtained by immunofluo-
Bscent cell staining. With increasing time of heat treatment, 
h SP27 is increased in the nuclear fraction . Interestingly, after 
d eat-treatment there is an increased association of HSP27 with the 
t ~tergent-insoluble fraction, which contains cytoskeletal pro-ems. 
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Figure 4. Distribution ofHSP27 after 90 min heat stress. Cells were grown 
on coverslips, incubated at 37"C (A) or heat treated at 42°C for 90 min (B). 
Indirect immunofluorescence staining was carried out as in Fig 1. Bar, 
SOJ1.m. 
Location of HSP27 in Normal Human Keratinocytes To 
assure that the expression and subcellular location of HSP27 ob-
served in HaCaT cells is not a finding unique to transformed cells, 
indirect immunofluorescent analysis of HSP27 expression in un-
stressed a~d heat-stressed normal human keratinocytes was per-
formed (Fig 7) . In the unstressed human keratinocyte, HSP27 is 
located throughout the cytoplasm in a reticular pattern, similar to 
that seen in the HaCaT line. After heat treatment (42°C for 90 min) 
of normal keratinocytes, as in the HaCaT line, there is a relocaliza-
tion of HSP27 from the cytoplasm to the nucleus. 
Arsenite-Stress Induced Relocalization ofHSP27 in HaCaT 
Cells Like heat, chemical or oxidative stress can alter the synthe-
sis and subcellular location of stress proteins. For this reason, we 
examined the effect of the oxidative stressor, sodium arsenite, on 
HSP27 localization. Immunofluorescent analysis of HaCaT cells 
incubated in medium containing 100 )1,m sodium arsenite for 2 h 
(Fig 8) reveals HSP27 relocalization from the cytoplasm to the 
nucleus. The large aggregate staining pattern seen in the nucleus 
resembles one of the patterns seen in some heat-treated cells (Fig 3), 
although it is more pronounced in the arsenite-treated cells. The 
cytoplasmic staining pattern is unique, exhibiting a granular pattern 
with abundant fibrillar spikey proj ections. The Western blot of 
subcellula.r fractions of arsenite-treated cells (Fig 9) demonstrates 
an increase in nuclear-associated HSP27 after 2 h arsenite treat-
ment. 
Synthesis of HSP27 Isoforms in the HaCaT Cell Previous 
studies have described four isoforms of HSP27 [12-14]. Three of 
the isoforms are post-translationally phosphorylated forms and thus 
have progressively more acidic isoelectric points, w hich can be 
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Figure 5. Cytoplasmic organization of HSP27 after 90 min heat treatment. 
Cells were grown on coverslips, incubated at 37" C or heat treated at 42 0 C 
for 90 min. Indirect immunofluorescence staining was carried out as in Fig 1. 
A) Filimentous pattern in unstressed cell. B) Granular organization in heat-
stressed cell. Bar, 10 j.lm. 
demonstrated by two-dimensional gel electrophoresis. Whole cell 
lysate of untreated, heat-treated, and arsenite-treated cells from the 
HaCaT cell line were subjected to two-dimensional gel electropho-
resis (Fig 10). Nonstressed HaCaT cells demonstrate two isoforms 
of HSP27. Additional isoforms of HSP27 are seen after both heat 
and arsenite treatments. 
DISCUSSION 
Though constitutively expressed in mesenchymal cells, prior to 
this work HSP27 had not been identified in non-stressed normal 
human keratinocytes. Previous studies that investigated the stress 
proteins in keratinocytes demonstrated synthesis of the 72- and 
90-kD stress proteins after heat and arsenite stress, whereas HSP27 
synthesis was not detected at all [28,29J or minor synthesis was 
detected only after arsenite stress [30J. HSP27 has been shown to 
have a low content of methionine residues [31 J and because these 
previous studies utilized 32S methionine labeling for detection of the 
newly synthesized heat shock proteins, HSP27 would have been 
overlooked or greatly underestimated. Recently, Yatsunami et af 
[32J have described HSP27 expression in a transformed human ke-
ratinocyte line and demonstrated its hyperphosphorylation after 
treatment with the phosphatase inhibitor odakaic acid. Interest-
ingly, the P29 estrogen-related protein, which has been reported to 
be present in the epidermis [33] , appears to be related to HSP27 and 
may in fact be identical to the 27-kD heat shock protein [34,35J . 
Full purification and sequencing ofP29 will be necessary to confirm 
its identity with HSP27. 
Although presently little is known about the function ofHSP27, 
data from recent studies indicate this small protein has potential for 
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Figure 6. Immunoblot of subcellular fractions of heat-treated (42 0 C) 
HaCaT cells with anti-HSP27 antibody. Equal amounts of proteins were run 
on SDS-PAGE and blotted with antibody to HSP27 as in Fig 2. Time of heat 
treatment is labeled on right. Subcellular fraction is labeled at boltom. N, 
nuclear; C, cytoplasmic; M, membrane; S, cyroskeletal. 
playing a role in cellular growth and differentiation. In the embry-
onic stages of many diverse lower animals, a small heat shock pro-
tein with high homology to HSP27 exhibits both differential eX-
pression and changes in phosphorylation status at specific stages of 
development and differentiation [36 - 39J. Inappropriate expression 
of the Drosophila low molecular weight HSP during embryogenesIS 
results in arrest of development [40J , suggesting that the small heat 
shock protein of lower animals is important for growth control 
and/or differentiation at specific developmental stages in the un-
stressed cells. HSP27 may also playa role in mammalian cell differ-
entiation because unique patterns of HSP27 induction have bee.n 
observed during differentiation of rat osteoblasts, promyelocytlC 
leukemia cells, and in human B lymphocytes [41,42J. In all three 
cell types, induction of HSP27 is associated with the cessation of 
cellular proliferation. In skin, * ectocervix and vaginal epitheliu111 
[43] in lIillo HSP27 expression appears to be linked to specific matU-
rational levels of. the epithelium. These epithelia demonstrate 
strong Immunostal11l1lg for HSP27 in the suprabasal and some In-
termediate layers with no staining of the proliferative basal layer. 
Keratinocytes and HaCaT cells exhibit heterogeneous staining for 
HSP27 (Fig 4A), indicating a cell-to-cell variability in the expres-
sion of this protein. This may re late to the various stages of differen-
tiation manifest by individual cells in the culture. It is tempting to 
speculate that HSP27 may playa role in the control ofkeratinocyte 
proliferation and/or differentiation. 
The reputed role of stress proteins is to provide the cell with 
protection from environmental insult. Supporting this theory is the 
demonstration that the induction of HSP27 phosphorylation con-
veys thermo resistance in Chinese hamster cells [44,45]. To further 
our understanding of the role ofHSP27 in environmentally stressed 
keratinocytes we analyzed HSP27 subcel lular localization after heat 
and arsenite stress. Interestingly, we see a heat-induced relocation of 
HSP27 to the nuclear and cytoskeletal fractions. Comparison of the 
immunofluorescence staining pattern of HSP27 before and after 
heat treatment with the immunofluorescence staining pattern of 
keratin and actin seen by Kitano and Okada [46J and our own work 
in human keratinocytes before and after stress (data not shown) 
------------------------------------------------------
* Gandour-Edwards R, McClaren M, Isseroff R: ImmunolocalizatiOI1 of 
low molecular weight stress protein HSP27 in human epidermis (sub1l1itted 
for publication). 
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Figure 7. Localization of the 27-kD heat shock protein in unstressed and 
heat-stressed normal human keratinocytes. Keratinocytes derived from neo-
nata l foreskin were grown on coverslips, incubated at 37" C or heat-treated 
for 90 min at 420 C as indicated, fixed, permeabilized, and analyzed by 
Indirect immunofluorescence with mouse monoclonal anti-27 kD stress 
protein antibody that was visualized with fluorescein-conjugated goat anti-
tnouse antibody. A) Unstressed cell; B) heat-treated cell (420 C for 90 min). 
Bar, 20 tJ.m. 
Suggest possible associations between HSP27 and these cytoskeletal 
elements. In the unstressed keratinocyte the cytoplasmic staining 
pattern of HSP27 is filamentous , but after heat treatment cytoplas-
truc HSP27 distributes in a granular pattern, much. like the actin 
pattern seen in the heat-stressed keratinocyte. Our preliminary 
studiest indicate that some isoforms of HSP27 may bind to actin 
and We are continuing to examine the possibility ofHSP27 binding 
to the keratin cytoskeleton as well. 
The nuclear staining pattern of HSP27 in heat-stressed keratino-
cytes, however, suggests that in the nucleus, HSP27 is not co-local-
IZed with either actin or keratin. Keratin filaments collapse in a ~sket around the nuclei of heat-stressed keratinocytes [46] whereas 
SP27 stains discrete aggregates or a large cental area in the nu-
cleus. As keratin is alSO present in the nuclear subcellular fraction, 
OUr irnmunoblotting studies can not discriminate between HSP27 
aSSOciation within or around the nucleus. It is therefore possible that 
part of the HSP27 localization to the nuclear subcellular fraction 
[[presents HSP27 bound to the keratin (or another) cytoskeletal h ement. Immunoelectron micrographic examination studies ~f 
b eat~stressed cells are necessary to discriminate between these POSSI-
Ilttles. Whether the stress-induced relocation of HSP27 to the 
------------------------------------------------
h t Isseroff R, Lombard LM, McClaren M: Multiple isoforms of the heat 
hock protein HSP27 and their unique patterns of subcellular localization in 
Utnan keratinocytes. ] IIIIIest Derlllatol 1 00(4): 579, 1993. 
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Figure 8. Dist.ribution of the 27 -kD heat shock protein in cells of the 
HaCaT line after sodium arsenite treatment. Cells were grown on cover-
slips, incubated in either DMEM or DMEM with 100 tIM sodium arsenite 
for 2 h, and analyzed with indirect immunofluorescence staining as in Fig 1. 
A) Untreated cell; B) cell treated with 100 tJ.m sodium arsenite for 2 h. Bar, 
10tJ.m. 
nucleus or cytoskeleton is associated with protection such. as ther-
moresistance in keratinocytes is currently unknown. 
Four isoforms of HSP27 have been described in a number of 
mammalian cell types [13,47] , with the most basic isoform with a pI 
of 6.5 (commonly referred to as isofol'm a) and more acidic isoforms, 
termed b, c, and d, with pIs of 6.0,5.7, and 5.5, respectively [13,47]' 
Sod i urn Arsen i te 
• m 120rnin 
-
Control 
N c M S 
Figure 9. Immunoblot of subcellular fractions of arsenite-treated HaCaT 
cells. Equal amounts of protein from subcellular fractions of arsenite-treated 
(100 tJ.m for 2 h) HaCaT cells were run all SDS-PAGE, transferred to a 
membrane, and blotted with antibody to HSP27. Subcellular fractions arc 
labeled at bottom. N , nuclear; C, cytoplasmic; M, membrane; S, cytoskeletal. 
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Figure 10. Two·dimensional gel electrophoretic analysis and Western 
blotting for HSP27 of whole cell lysate from HaCaT line. IEF is displayed 
horizot,tally, SDS-PAGE is displayed on the vertical axis. All staining is at 27 
kD. The approximate pI of the denatured protein is given at the bottom. 
Treatments are indicated on the right. C, control; H, heat treatment (42 0 C 
for 90 min); and A, sodium arsenite (100 J.lM for 2 h) treatment. 
Numerous studies suggest that isoforms b, c, and dare post-transla-
tionally phosphorylated forms of isoform a [12,13]. A variety of 
stimuli, including chemical stress such as arsenite, mitogenic signals 
such as addition of fresh serum, calcium ionophores, and EGF, and 
cytokines including IL-l and TNFa and other biologically active 
molecules such as bradykinin and ATP can induce HSP27 phospho-
rylation [13,17,47,48]. The two isoforms present in unstressed 
HaCaT cells (Fig 10) appear to correspond to the previously de-
scribed isoforms a and b. We believe three of the major isoforms 
demonstrated in heat-treated HaCaT cells correspond to the previ-
ously described a, b, and c isoforms, with reported pIs of 6.5, 6.0, 
and 5.7, respectively, whereas the sensitivity of this detection sys-
tem visualizes other minor isoforms. These minor forms may also be 
post-translationally modified isoforms; however, as they have not 
been identified in previous studies, which have utilized 32p labeling, 
other forms of covalent modification, such as adenylation or uridy-
!ation, must be considered. Although the significance of the indi-
vidual isoforms is not presently known, we believe the identifica-
tion of the isoforms is a first step in understanding the role of the 
isoforms in keratinocytes. 
We conclude that HSP27 of human keratinocytes is constitu-
tively expressed, can rapidly relocate to the nuclear fraction post-
stress, and has potential to form multiple isoforms. We are continu-
ing to investigate HSP27 characteristics in keratinocytes in the 
hopes of elucidating the role it plays in keratinocyte growth and 
differentiation. 
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